Background: Thyroxine (T 4 ), the main product of thyroid secretion, is a critical signal in plasma that mediates the TSH-negative feedback mechanism. As a prohormone, T 4 must be converted into T 3 to acquire biological activity; thus, type 2 iodothyronine deiodinase (D2) is expected to play a critical role in this feedback mechanism. However, the mechanistic details of this pathway are still missing because, counterintuitively, D2 activity is rapidly lost in the presence of T 4 by a ubiquitin-proteasomal mechanism.
COMMENT
In present investigation, the presence of D2 in thyrotrophs was clearly demonstrated in rat pituitary sections and in two rodent thyrotrophic cell models. Furthermore, the study confirmed the sensitivity of the expression of D2 in thyrotrophs to the negative regulation by proteasomal degradation of this enzyme induced by T 4 .
Over a quarter of a century ago (1977), Reed Larsen & Enrique Silva were the first investigators to show that the pituitary feedback regulation of the thyroid gland was mediated by thyroid hormones, and more specifically by circulating T 4 (and not T 3 ). The regulatory mechanism involves the specific activity of an enzyme (the iodothyronine deiodinase, D2) that rapidly catabolizes T 4 into T 3 in thyrotrophs, thereby inducing T 3 local production that, in turn, acts negatively on the TSHβ gene and turns off TSH secretion in response to minor elevations in serum T 4 .
This discovery was central in our understanding of the finely-tuned regulation of the thyroid gland and the pivotal role of the pituitary gland as a "thyrostat", i.e. an amplification system that allows TSH secretion to be modulated (positively or negatively) in response to small changes in circulating free T 4 concentrations.
What makes the thyrotrophs a special kind of cells, in this respect, is the fact that these cells are equipped with a highly T 3 -responsive gene (the TSHβ gene) and express very high levels of D2, the key deiodinase that activates thyroid hormone and mediates the signal transduction between serum T 4 and the binding of T 3 to nuclear thyroid hormone receptors. The expression of D2 in thyrotrophs is at the core of the T 4 -mediated TSH feedback mechanism. D2-mediated net T 3 production is low at lower T 4 concentrations and high at high T 4 concentrations. This discovery also paved the way to our better understanding of the local regulatory role of thyroid hormones in peripheral target cells (such as the placenta, fat, muscle and other tissues) by locally-occurring specific deiodination pathways. (Daniel Glinoer MD, PhD)
See Figure below
The figures show the decrease in D2 activity (mRNA and activity above; production below) in response to T4
